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Boron is on the Office of Water's Candidate
Contaminant List, indicating the potential for
regulatory consideration. The Office of Research
and Development's (ORD) National Center for
Environmental Assessment (NCEA) is charged with
assessing risks from exposure to environmental
contaminants, and developing and applying
advanced risk assessment methods. The
reassessment of boron's health risks presented a
unique opportunity to develop and apply chemical-
specific information in quantitative human health risk
assessment. Chemicals are absorbed, distributed
and eliminated from animals through toxicokinetic
(TK) processes while toxicodynamic processes (TD)
deal with the response of the target tissue to a given
dose. For risk assessment, differences between
animals and humans, and differences within humans
are each addressed with a default uncertainty factor
of 10, and can be divided into TK and TD
components. The default value for each component
can be replaced with data-derived values. Prior to
initiating the boron risk assessment, no such data
existed to evaluate TK differences between animals
and humans, or TK differences within humans.
Through a partnership with industry (US Borax),
NCEA guided the planning, development, conduct,
interpretation and presentation of studies to
determine boron TK in pregnant rats and pregnant

humans. Human studies were funded by US Borax,
and conducted by the University of California at
Irvine; results were published in the peer-reviewed
literature. NCEA scientists used these data to
develop a value to replace the default value for the
TK component of animal to human extrapolation.
NCEA scientists critically evaluated a diverse set of
data on kidney function to determine how boron is
removed from mammals, and used variability in
renal function among humans to develop a value to
replace the default value for the TK component of
the interindividual uncertainty factor. This
precedent-setting assessment demonstrates
NCEA's adherence to reducing uncertainties in
human health risk assessment, and our intent to
include quantitative information, when possible, in
Agency risk assessments. This interaction and its
outcome highlights ORD's ability to partner with
industry to fill data gaps and is important for enabling
an improved scientific basis for risk assessment.
This assessment, with its inclusion of data-derived
uncertainty factors, will stimulate similar advances in
the quantitative reliance on TK data when they are
available for other chemicals. The Risk Assessment
Forum is considering whether to guide the
replacement of default uncertainty factors with data-
derived uncertainty factors; this assessment will be
useful as a case study in that decision.

R, i = e

Bl CERC

" AL
S g
T —

—
-
—" ——

Boron Is a naturally occurring element usually found as borates in nature.

What iIs the risk?
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Default and Data-Derived Values for Components of UF,

RID = 1, Uncertaint Component Combined Factor
(AFAK . AFAD : AFHK . AFHD -UF) 1& Factor ’ ™ y TK* Values
o .
where: UF, (3.16) (3.16) 10.43
D is the "critical” dose (NOAEL, LOAEL, BMD) defined in the critical study, What about Adjustment Factor Data not replaced 3.3
AF A« is the interspecies toxicokinetic adjustment factor (default = 3.16), to Replace Defaults no data
AFp is the interspecies toxicodynamic adjustment factor (default = 3.16), Through a partnership with industry (US Borax), NCEA guided the UF, (3.16) (3.16) 6.32
AFnk is the interindividual toxicokinetic adjustment factor (default = 3.16), T I e e T e e no;;eg;?;:ed 2.0
AF4p is the interindividual toxicodynamic adjustment factor (default = 3.16), studies to determine boron TK in pregnant rats and pregnant humans.
UF is the aggregate uncertainty factor, Combined UF, and UF,, 66

*Valuation of the TK component of UF, was based on species differe
volume of total body water during pregnancy and boron clearance rate
of the TK component of UF,;, was based on differences in GFR among
women.

Values Used for Boron
Reference Dose

D. = 10.3 mg/kg-day (Allen et al., 1996)
AF, = 3.3 (data-derived)

AF,, =3.16 (100>, default)

AF_ . =2.0 (data-derived)

AF,, =3.16 (109>, default)

UF =1 (UFS x UFD x UFL)

AF_ o, =66 (3.3x2.0x3.16 x 3.16)

RfD = 0.2 mg/kg-day (10.3/66)

NCEA scientists used these data to develop a
value to replace the default value for the TK
component of animal to human extrapolation

How we got there....

Critical Dose Intraspecies
o[TThe critical dose for Boron was determined by TOXi CO ki netiCS

using a Benchmark Dose (BMD) for decreased fetal
*[1(AFHK) accounts for the range of human

body weight in rats (Allen et al. 1996) using

' f ' f in th
e SR oRStdies (performed In the interindividual variability from where AFAK left off to
where the sensitive subpopulation is adequately

same laboratory. (Heindel et al., 1992; Price et al.,
1996)
protected.

[The BMD based on the combined results of the two

studies was 10.3 mg B/kg-day. [1For boron, the range is between the mean and a

"lower bound" boron clearance in the pregnant
human population.

Interspecies
Toxicokinetics

[IThe TK component of UFH for Boron was based
on differences in GFR among pregnant women.

The RID is consistent with a suggestion by Nielsen (1992) that an day. As boron appears to have some b

(1992) also recommended a total daily bor

intake of 10 mg per day is not too high, while 50 mg/day is probably

*[JAs the boron RfD is based on developmental
effects observed in rats, the most relevant kinetic
data are those pertaining to pregnant rats and
pregnant humans.

* Boron clearance is used as an estimator of internal
dose.

 Boron is not metabolized and almost entirely
eliminated in the urine, clearance of boron by the
kidney can be used as the key toxicokinetic
interspecies scaling factor therefore the TK
component of UFA was based on species difference
in boron clearance.

The basic formula modified from Dourson et al.
(1998) for AFHK is:

B GFR
N GFR e —3SDgrr

AFHK

where GFRaye and SDgpr are the mean and
standard deviation of the GFR (ml/min) for the
general healthy population of pregnant women. The
use of 3 standard deviations rather than 2 (as in
Dourson et al.,, 1998) is based on obtaining
adequate coverage of pregnant women with very low
GFR.

Sigma Value Calculation

toxic.

If a representative body weight of 60 kg is assumed for a
pregnant woman, the value of 10 mg/day translates to 0.17 mg/kg-

deficiency. The RfD would appear to giv
below, as well as above.
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